Sweat glands with a higher capacity for both sweat secretion and sodium reabsorption would contribute more effectively to thermoregulation, with less tendency to cause sodium depletion. The rate at which sweat glands reabsorb sodium and chloride does not increase proportionally as the rate of sweating increases, so that [Na + ] and [Cl -] in sweat sampled on the skin surface increase with sweating. It has been reported that there is a significant positive correlation between sweat secretory capacity and the capacity of sweat to reabsorb Na + (Sato and Dobson, 1970) and between sweat gland size and sweat secretory capacity (Sato and Sato, 1983) . It has also been suggested that the sweat glands on the trunk may be larger than those on the limbs (Inoue and Shibasaki, 1996) . Based on these findings, it is expected that the sweat glands on the trunk have a superior Na + reabsorptive capacity than those on the limbs. We know little about the slope of the relation of sweat [Na + ] to sweating rate at different body sites. Obtaining such information may be valuable to a better understanding of regional differences in sweat glands capacity for Na + reabsorption. Therefore, we compared the relationship between sweating rate and [Na + ] on the chest, back, forearm and thigh.
1) Laboratory for Human Performance Research, Osaka International University for Women 2) Osaka University of Economics 3) Nara Medical University 4) Department of Physiology, Hyogo College of Medicine 5) Hyogo University of Teacher Education
Sweat glands with a higher capacity for both sweat secretion and sodium reabsorption would contribute more effectively to thermoregulation, with less tendency to cause sodium depletion. The rate at which sweat glands reabsorb sodium and chloride does not increase proportionally as the rate of sweating increases, so that [Na + ] and [Cl -] in sweat sampled on the skin surface increase with sweating. It has been reported that there is a significant positive correlation between sweat secretory capacity and the capacity of sweat to reabsorb Na + (Sato and Dobson, 1970) and between sweat gland size and sweat secretory capacity (Sato and Sato, 1983) . It has also been suggested that the sweat glands on the trunk may be larger than those on the limbs (Inoue and Shibasaki, 1996) . Based on these findings, it is expected that the sweat glands on the trunk have a superior Na + reabsorptive capacity than those on the limbs. We know little about the slope of the relation of sweat [Na + ] to sweating rate at different body sites. Obtaining such information may be valuable to a better understanding of regional differences in sweat glands capacity for Na + reabsorption. Therefore, we compared the relationship between sweating rate and [Na + ] on the chest, back, forearm and thigh.
Methods
The subjects for this study were seven healthy male volunteers. The mean ± SD age, height, weight, . percentage body fat and maximal oxygen uptake (VO2max) of the subjects were 23.9 ± 4.7 years, 172 ± 3 cm, 69.35 ± 3.65 kg, 13.7 ± 1.7 % and 50.7 ± 4.2 mL · kg -1 · min -1 , respectively. Six of the men were college students who occasionally played various sports (rugby, soccer, golf and handball) and the remaining man was a laboratory researcher. All of the subjects were informed of the potential risks involved in participating in the study and gave their written consent.
All of the experiments were conducted in August and September. The subjects refrained from food and water for at least two hours prior to each exercise session, to better control their state of hydration. There were no other dietary restrictions. The subjects, wearing only swimming trunks, pedaled a cycle ergometer for 60 min at different workloads (165-908 kpm · min -1 ) on separate days. Each subject carried out the 60-min exercise 4 to 7 times. Each 60-min exercise was performed in a climatic chamber, controlled at an air temperature of 30 ± 0.5°C and a relative humidity of 60 ± 5%. During the exercise, local sweat samples (12.6 cm 2 ) were collected successively on the chest (mid-pectoral), back (sub-scapular), forearm (mid-anterior), and thigh (mid-anterior) at 20 min intervals by the filter paper method (Inoue et al., 1991) . . The local sweating rate (msw) on the chest, back, forearm, and thigh was then determined from the change in the weight of the filter paper, using an electronic balance accurate to ± 0.1 mg and expressed in mg · cm -2 · min -1 . The sodium concentration ([Na + ]) in the sweat was determined after eluting the Na + from the paper, and analyzing for Na + by flame photometry. The results are given in mEq · L -1 . . The relationship between msw and [Na + ] at the respective sites for each subject was calculated by standard linear regression analysis.
Furthermore, correlation coefficients were calculated between the body sites for the slope of the regression line. A one-way analysis of variance was performed to assess regional differences in the slope and the intercept of the . regression line for msw vs. [Na + ]. Significance was set at the p<0.05 level. Appl Human Sci, 17 (5): 219-221, 1998) Fig. 1 , comes as no surprise and agrees with the results of previous papers (Sato and Dobson, 1970) , demonstrating that sweat [Na + ] increases with increases in the sweating rate. The interesting finding in the present study was that the slope of the regression line . between msw and [Na + ] was gentler on the trunk (chest and back) than on the limbs (forearm and thigh). This result suggests that regional differences may exist in sweat glands' capacity for sodium reabsorption, and that the capacity is higher on the trunk than on the limbs.
Results and Discussion
Several factors may contribute to mechanisms for regional differences in the sodium reabsorption by the sweat glands, such as the size of the sweat gland and the sensitivity of the sweat gland to aldosterone. It has been reported that there are significant positive correlations between sweat secretory capacity and the Na + reabsorptive capacity of sweat (Sato and Dobson, 1970) and between sweat gland size and sweat secretory capacity (Sato and Sato, 1983) . It has also been suggested that the sweat glands may be larger on the trunk than on the limbs, although there are individual differences (Inoue and Shibasaki, 1996) . Based on these findings, it is most likely that regional differences in sweat gland size (especially sweat duct size) may influence sodium reabsorption. Kirby and Convertino (1986) reported that the concentration and total content of sodium in sweat, as well as plasma aldosterone, during exercise decreased with heat acclimation, suggesting that the sensitivity of the eccrine glands to aldosterone may be augmented. Such changes may differ by body site, although more detailed study is necessary to determine the mechanism. Miyagawa (1988) reported that the sweating rate on the thigh was significantly higher than that on the arm in . Fig. 1 Relationship between sweating rate (msw) and the sodium concentration ([Na + ]) of sweat on the chest, back, forearm, and thigh during exercise for subject MT. Correlation coefficients between both variables were over 0.87 at every site.
. subjects who were involved in sports that predominantly trained the lower limbs. The reverse was the case in subjects who were experts at sports in which training of the upper limbs predominates. In the present study, we used subjects who participated in different sports including rugby, soccer, golf and handball. However, we found that significant correlations between the body sites (except for back vs. forearm) were observed for the slope . of msw vs. [Na + ]. Furthermore, no significant relationships . were observed between VO2max (mL · kg -1 · min -1 ) vs. the . slope of msw vs. [Na + ], regardless of the site (r = 0.229, 0.102, 0.592, and 0.102 for the chest, back, forearm and thigh, respectively). Therefore, it does not seem that the superior Na + reabsorptive capacity of the sweat glands on the trunk (relative to the limbs) is affected by the type of exercise training or aerobic fitness, although more detailed examination using a larger number of subjects is necessary to determine the effects.
We found that sweat secretory capacity and the Na + reabsorptive capacity of sweat changed seasonally (Inoue et al., 1995) , and that the regional differences in the sweating response during exercise of a given intensity were greater in winter than in summer, due to a greater decrease in sweating on the limbs than on the trunk (Kimura et al., 1983) . This study was performed during summer, when regional differences in sweating are smaller. If our experiments were performed during winter, the regional differences between the trunk and limbs in sodium reabsorption by the sweat glands would be also greater, just like the sweating response.
In conclusion, regional differences exist in the capacity of the sweat glands to reabsorb Na + , and the capacity is higher on the trunk (chest and back) than on the limbs (forearm and thigh).
